Introduction {#Sec1}
============

Over the years, breast cancer incidence has increased substantially and has become one of serious health issues in women (Tao et al. [@CR16]). Around 1.3 billion new breast cancer cases and half million breast cancer related deaths are reported annually across the globe. Breast cancer is diagnosed in 12% of women in the United States over the course of their lifetimes and more than 0.25 million new cases of breast cancer were diagnosed in the United States in 2017 (Waks and Winer [@CR19]) In China alone, more than 0.45 million new breast cancer cases and 0.13 million deaths were reported to be due to breast cancer annually (McPherson et al. [@CR12]). The heterogeneous nature, diagnosis at advanced stage, unreliable molecular markers and inefficient treatment regimens make breast cancer exceedingly difficult to manage (Tao et al. [@CR16]). Hence, research efforts are being put to address all these issues especially on the identification biomarkers and therapeutic targets (Kelsey [@CR10]). MicroRNAs (miRs) constitute a large group of small around 20 nucleotides in length non-protein coding RNAs that control the expression of around 30% of the human genes via post-transcriptional suppression of protein synthesis or mRNA degradation (Garzon et al. [@CR6]; Hayes et al. [@CR8]). The miRs have shown involvement in critical biological pathways such as cell differentiation, cell development, autophagy, apoptosis, metastasis, cell cycle, and metabolism (Garzon et al. [@CR7]). Because miRs have been found to either promote or suppress the growth and development of tumors, they are belived to act as prospective therapeutic agents for management of diverse cancer types (Trang et al. [@CR17]). The miR-143 is a well studied microRNA and several studies have reported its role in colon and breast cancers (Zhu et al. [@CR25]; Tuo et al. [@CR18]). Additionally, its role as tumor suppressor in breast cancer is well established in breast cancer buts its role in breast cancer development and metastasis via regulation of MAPK3 has not be studied so far. In our current study, when the expression of miR-143 was analyzed in the human breast cancer cell lines in comparison to the normal breast cells, a significant (P \< 0.05) transcript repression of miR-143 was observed in all the cancer cell lines studied which suggested its probable involvement in breast cancer. Further characterization revealed that miR-143 has an inhibitory role against breast cancer growth and bone metastasis which was shown to be modulated via suppression of MAPK3. Summing up, the study indicates the possible role of miR-143 human breast cancer growth and bone metastasis.

Materials and methods {#Sec2}
=====================

Breast cancer tissues, cell lines and culture conditions {#Sec3}
--------------------------------------------------------

Breast cancer tissue specimen and normal adjacent tissues of 15 breast cancer patients who underwent surgical resection in the Fudan University Shanghai Cancer Center, Shanghai, China from June 2018 to January 2019 were included. Patients were aged 27--76 years with an average age of 41.5 years and informed consent was sought before the collection of the tissues. The breast cancer cell lines (MDA-MB-231, MDA-MB-436, SK-BR-3, and CAMA-1) and three normal breast cell lines (MB 157) were procured from Type Culture Collection of Chinese Academy of Sciences, Shanghai, China. The cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum, 100 µg/ml streptomycin and 100 U/ml penicillin and a humidified atmosphere containing 5% CO~2~.

Expression analysis {#Sec4}
-------------------

The CAMA-1 breast cancer cells were lysed and the RNA was extracted by RNeasy Kit. Following RNA extraction, the Omniscript RT kit was used to synthesize the cDNA from 1 µg of RNA. Thereafter, quantitative real time polymerase chain reaction (qRT-PCR) was employed to determine the expression using the Taq PCR Master Mix Kit (Qiagen) as per the guidelines of the manufacturer. The cycling conditions were as follows: 95 °C for 20 s, followed by 40 cycles of 95 °C for 15 s, and 58 °C for 1 min. GAPDH was used as an internal control and the relative quantification (2^−ΔΔCq^) method was used to evaluate the quantitative variation between the samples.

Proliferation assay {#Sec5}
-------------------

The estimation of proliferation of breast cancer cells was made through 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. In brief, the CAMA-1 cancer cells were stably transfected with miR-NC, miR-143 mimics for 48 h. Transfected cells were subsequently cultured in 96-well plate for 24, 28, 72, 96 h at 37 °C and 5% CO~2~. Around 10 µl of culture medium from each well was replaced with 10 µl MTT (5 mg/ml) (Thermo Fisher Scientific) and again an incubation of 4 h at 37 °C was given. Then, 150 µl of DMSO was added to each well for dissolving the formazan crystals. Subsequently, absorbance at 570 nm was recorded with microplate photometer.

Apoptosis assay {#Sec6}
===============

The CAMA-1 cells were used for the assessment of the nuclear morphology after staining with DAPI stain or a solution of AO/EB for 25 min at 20 °C. After fixation with methanol (70%), the nuclear morphology was investigated by fluorescence microscopy. Five different random fields were selected for fluorescence microscopy.

Annexin V/PI staining assay {#Sec7}
---------------------------

The annexin V-FITC assay was performed as determined previously (Hau et al. [@CR9]) Breifly, miR-NC and miR-143 mimics transfected CAMA-1 breast cancer cells were placed onto 6-well plates and incubated at 37 °C for 48 h. After that cells were washed in phosphate buffered saline (PBS), fixed in 10% of formaldehyde and yet again washed in PBS. Finally, these cells were stained with annexin V/PI dual staining solution and eventually analyzed through flow cytometry.

**Bioinformatic analysis and dual luciferase assay** {#Sec8}
----------------------------------------------------

For the identification of the miR-143 target the online software TargetScan version 7.2 (<http://www.targetscan.org>) was used. For the luciferase reporter assay, the binding sites of the wild type (WT) and the mutated (MUT) MAPK3 3′-UTR were subjected to cloning downstream region of the luciferase gene in the PGL3-REPORT luciferase vector (Invitrogen; Thermo Fisher Scientific, Inc.). This was followed by the co-transfection of the cells with WT and MUT PGL3-MAPK1-3′ UTR vectors and the miR-143 mimics. Finally, the luciferase activity was determined using a Luciferase Reporter Assay kit (Promega Corporation, Madison, WI, USA) by following manufacturer's instructions. The Renilla luciferase activity was employed to normalize the data.

Migration and invasion assay {#Sec9}
----------------------------

Transwell chamber without or with Matrigel coating was used to assess respectively the migration and invasion of transfected cancer cells. Briefly, 100 µl cell culture containing 6000 cells was added to the upper chamber of transwell and lower chamber was given 750 µl of DMEM medium supplemented with 10% FBS. After 48 h incubation at 37 °C/5%CO~2~, cells from the surface of membrane's upper side were removed carefully with cotton swabs while those sticked to lower side of membrane were fixed with 70% ethyl alcohol and stained with 0.1% crystal violet. Light microscope (×100) was used for visualization of cells and photographs were taken. At least seven random fields were used for counting of migratory or invasive cells.

Western blotting {#Sec10}
----------------

The CAMA-1 cells lysed in ice cold hypotonic buffer containing protease inhibitors. The protein content of the CAMA-1 cell lysates were evaluated by BCA assay. Similar quantities of the proteins from each sample were loaded and the then subsequently separated on SDS-PAGE. After transferring the gels to the nitrocellulose membranes, the membranes were treated with primary antibodies for 55 min for at 23 °C. This was followed by incubated with as secondary antibody. The visualisation of the bands was carried out by chemi-luminescence reagent.

Statistical analysis {#Sec11}
--------------------

Three independent experiments were performed to confirm the present data. The values are shown as mean ± SD. Student's t test was used for comparisons between two samples. A value of *P* \< 0.05 was taken as statistically significant.

Results {#Sec12}
=======

miR-143 is suppressed in breast cancer {#Sec13}
--------------------------------------

The endogenous expression of miR-143 was investigated in breast cancer tissues and normal adjacent tissues and it was revealed that miR-143 is significantly (P \< 0.05) suppressed in all the breast cancer tissues (Fig. [1](#Fig1){ref-type="fig"}a). The endogenous gene expression of miR-143 was also evaluated in the normal and breast cancer cell lines and around 6-fold downregulation of miR-143 was reported in the breast cancer cell lines relative to normal cell lines (Fig. [1](#Fig1){ref-type="fig"}b). The miR-143 was seen to have significantly (P \< 0.05) lower expression in all three cancer cell lines, being lowest in CAMA-1 cell line (Fig. [1](#Fig1){ref-type="fig"}b). This suggested a probable regulatory role of miR-143 in breast cancer.Fig. 1Expression of miR-143 in (**a**) normal and cancer tissues (**b**) normal and breast cancer cell lines. The experiments were performed in triplicate and expressed as mean ± SD (\*P \< 0.05)

miR-143 acts as tumor suppressor in CAMA-1- cells {#Sec14}
-------------------------------------------------

In order to know about the function of miR-143 in CAMA-1 cells, we overexpressed miR-143 in CAMA-1 cells. The results of qRT-PCR showed 7.2 fold increase in the CAMA-1 cells transfected with miR-143 mimics relative to miR-NC transfected cells (Fig. [2](#Fig2){ref-type="fig"}a). Next the miR-143 overexpressing cells as well as the negative control cells were subjected to MTT assay and cell viability was evaluated at varied time intervals (Fig. [2](#Fig2){ref-type="fig"}b). The results showed that the viability of the CAMA-1 cells overexpressing miR-143 decreased remarkably and in a time dependent manner suggesting the tumor-suppressive effects of miR-143 in breast cancer cells. Assessment of nuclear morphology by DAPI and AO/EB staining showed that miR-143 induces changes in the nuclear morphology of the CAMA-1 cells suggestive of apoptosis (Fig. [2](#Fig2){ref-type="fig"}c). To confirm apoptosis, annexin V/PI staining assay was performed which revealed increase in the apoptotic cell percentage (Fig. [2](#Fig2){ref-type="fig"}d). The apoptotic cell percentage was found to be 35.7 in miR-143 mimics transfected in comparison to 6.4% in miR-NC transfected cells (Fig. [2](#Fig2){ref-type="fig"}d). The western blot analysis showed that miR-143 caused enhancement in Bax and suppression in Bcl-2 expression in CAMA-1 cells (Fig. [2](#Fig2){ref-type="fig"}e).

Fig. 2**a** Expression of miR-143 in miR-NC and miR-143 mimics transfected CAMA-1 cells. **b** Cell viability of miR-NC and miR-143 mimics transfected CAMA-1 cells. **c** DAPI staining of miR-NC and miR-143 mimics transfected CAMA-1 cells. **d** AO/EB staining of miR-NC and miR-143 mimics transfected CAMA-1 cells. **e** Annexin V/PI staining of miR-NC and miR-143 mimics transfected CAMA-1 cells. **f** Western blot analysis showing the expression of Bax and Bcl-2 in miR-NC and miR-143 mimics transfected CAMA-1 cells. The experiments were performed in triplicate and expressed as mean ± SD (\*P \< 0.05)

miR-143 inhibits the bone metastasis of CAMA-1 cells {#Sec15}
----------------------------------------------------

Tumor-Derived Jagged1 (Jag1) has been shown to promote the bone metastasis of breast cancer cells (Sethi et al. [@CR14]). Therefore we examined the expression of Jag1 in miR-NC and miR-143 mimics transfected CAMA-1 cells. The results showed that miR-143 caused significant (P \< 0.05) downregulation of Jag1 suggesting miR-143 may prevent the bone metastasis of CAMA-1 (Fig. [3](#Fig3){ref-type="fig"}a). Additionally effect of miR-143 on the signaling components of ROCK signaling pathway, i.e., RhoA GTPase and ROCK II were analyzed. The results showed that miR-143 was not having any effect on native RhoA and ROCK II proteins but the levels of active proteins, i.e., GTP-RhoA (p-RhoA) and phosphorylated ROCK II (p-ROCK II) decreased considerably (Fig. [3](#Fig3){ref-type="fig"}b). The decline in p-RhoA and p-ROCK II protein levels are suggestive of inactivation of ROCK signaling which is necessary for cancer proliferation and particularly for its metastasis to bone.

Fig. 3**a** Western blots showing the expression of Jag1 in miR-NC and miR-143 mimics transfected CAMA-1 cells. **b** Western blots showing the effect of miR-143 overexpression on the Rho- signalling pathway in CAMA-1 cells. **c** Transwell assay showing cell migration in miR-NC and miR-143 mimics transfected CAMA-1 cells. **d** Transwell assay showing cell invasion in miR-NC and miR-143 mimics transfected CAMA-1 cells. The experiments were performed in triplicate and expressed as mean ± SD (\*P \< 0.05)

Finally the anti-metastatic effects of miR-143 were also examined on the CAMA-1 cancer cells through transwell chamber assay using miR-NC transfected cells as negative control. Both the migration and invasion of cancer cells decreased significantly (P \< 0.05) under miR-143 overexpression but the downregulation of miR-143 was seen to enhance the cell migration and invasion (Fig. [3](#Fig3){ref-type="fig"}c, d). The migration and invasion of cancer cells was reduced by 73 and 75% under miR-143 overexpression. Thus, it is concluded that miR-143 negatively regulates the bone metastasis of breast cancer cells.

miR-143 targets MAPK3 in CAMA-1 cells {#Sec16}
-------------------------------------

The bioinformatic analysis using online software TargetScan version 7.2 (<http://www.targetscan.org>) showed that MAPK3 is targeted by miR-143 in CAMA-1 cells (Fig. [4](#Fig4){ref-type="fig"}a). The interaction between MAPK3 and CAMA-1 cells was proved by the dual luciferase assay (Fig. [4](#Fig4){ref-type="fig"}b). The investigation of the expression of MAPK3 in breast cancer cells showed significant (P \< 0.05) upregulation of MAPK3 in all the breast cancer cells. Nonetheless, the expression of MAPK3 was significantly (P \< 0.05) suppressed upon miR-143 overexpression (Fig. [4](#Fig4){ref-type="fig"}c). Additionally MAPK3 silencing also caused significant (P \< 0.05) suppression of the CAMA-1 cell viability (Fig. [5](#Fig5){ref-type="fig"}a). However, it is interesting to note that miR-143 inhibition did not cause any change on the viability of the si-MAPK3 transfected cells but overexpression of MAPK3 could reverse the tumor suppressive effects of miR-143 on CAMA-1 cells (Fig. [5](#Fig5){ref-type="fig"}b).

Fig. 4**a** Bioinformatic analysis using TargetScan software (<http://www.targetscan.org>) showing MAPK3 as the target of miR-143. **b** Dual luciferase. **c** Expression of MAPK3 in normal and breast cancer cells. **d** Western blot analysis showing the expression of MAPK3 in miR-NC and miR-143 mimics transfected CAMA-1 cells. The experiments were performed in triplicate and expressed as mean ± SD (\*P \< 0.05)

Fig. 5**a** Expression of MAPK3 in si-NC and si-MAPK3 transfected CAMA-1 cells. **b** Cell viability of si-NC and si-MAPK3 transfected CAMA-1 cells. **c** Cell viability of si-NC, si-MAPK3, si-MAPK3 + miR-143 inhibitor and miR-143 mimics + pcDNA-MAPK3 transfected CAMA-1 cells. The experiments were performed in triplicate and expressed as mean ± SD (\*P \< 0.05)

Discussion {#Sec17}
==========

Breast cancer is responsible for huge number mortalities reported world over. The advanced stage detection because of the unreliable or death of biomarkers, availability of limited efficient therapeutic targets, frequent relapses, emergence of resistance to existing drugs and adverse effects of anticancer drugs are some of the important factors that constitute that major hurdles in breast cancer treatment (Li et al. [@CR11]). MicroRNAs because of their diverse roles have been shown to exhibit remarkable therapeutic potential in cancer treatment. They have been reported to control not only the overall development of animals but also exhibit vital role in fine designing of cellular fate and differentiation (Croce and Calin [@CR2]). Disease development in animals is one of the prime aspects of animal biology falling under the regulation of this important group of regulatory RNAs (Carthew and Sontheimer [@CR1]). The dysregulation of micro RNAs has been shown to influence the onset and proliferation of almost all human cancers (Slaby et al. [@CR15]) and researchers are actively involved in elucidating the role of micro RNAs indifferent human cancers henceforth to understand the molecular mechanics which leads to deviation of controlled cellular plan and initiates the development of cancerous growth. Studies on breast cancer have enlightened the involvement of a number of miRs in growth and development of this malignancy (Hayes et al. [@CR8]; Trang et al. [@CR17]).

This study was undertaken to decipher the therapeutic implications of miR-143 via regulation of MAPK3 expression. The results showed that miR-143 overexpression inhibited the proliferation of the breast cancer cells. This is in confirmation with a previous study wherein miR-143 has been previously shown to regulate the growth and metastasis of different cancers. For instance, miR-143 has been shown to suppress the growth of human lung cancer cells in vivo (Jiang et al. [@CR100]). Similarly, the growth of colorectal cancer cells was inhibited upon miR-143 overexpression (Guo et al. [@CR4]). Additionally, it has also been found to exhibit growth inhibitory effects on the colon and breast cancer cells (Zhu et al. [@CR25]; Tuo et al. [@CR18]). Cell migration and invasion are the two vital processes required for the metastasis of cancer cells (Xia et al. [@CR22]). The suppression of oral cancer metastasis by miR-143 is well reported in literature (Peschiaroli et al. [@CR13]). It has also been shown to inhbit the growth of the human gastric cancer cells via modulation of STAT3 expression (Wu et al. [@CR5]). Herein we found that miR-143 overexpression inhibited both the migration and invasion of the cancer cells. Jag1 has been shown be highly overexpressed in breast cancer cells and plays a vital role in their bone metastasis. In this study found that overexpression of miR-143 in breast cancer cells suppresses the expression of Jag1. Additionally, Rho signalling pathway has been reported to involved in the bone metastasis of cancer cells and in this study we found that miR-143 deactivated the Rho signalling pathway. Furthermore, microRNAs have been reported to exert its effects by post-transcriptional suppression of their targets (Wang et al. [@CR20], [@CR21]). The miR-143 has been reported to exert its effects by modulating the expression of different genes which include but are not limited to MEK, MACC1 and MAPK7 (Zhang et al. [@CR23]; Zhou et al. [@CR24]; Wang et al. [@CR20], [@CR21]). In this study we studied MAPK3 as the target of miR-143. MAPK3 was authenticated as the target of miR-143 both by bioinformatic analysis and dual luciferase assay. The expression of MAPK3 was highly enhanced in all breast cancer cells and miR-143 overexpression blocked the expression of MAPK3. Suppression of MAPK3 also declined the viability of the CAMA-1 cells and Conversely, overexpression of MAPK3 could reverse and even avoid the effects of miR-143 overexpression. Taken together miR-143 may act as a biomarker as well as therapeutic target for breast cancer treatment. Taken together the outcomes of the present study indicated that miR-143 is aberrantly suppressed in breast cancer. It regulates the growth and bone metastasis of breast cancer. Therefore, miR-143 may act as a therapeutic target for treatment of breast cancer.
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